Introduction
Computed Tomography Pulmonary Angiography (CTPA) is the most commonly employed investigation in patients with suspected acute pulmonary embolism (PE). Most evidence is derived from the large University Hospitals in North America. Most scans are performed in smaller centres around the world. CTPA scanning is convenient as it is accessible after hours and it can often offer alternative diagnoses; however, its disadvantages includes cost, contrast use, and radiation exposure [1, 2] . In a theoretical analysis, it was estimated that current typical testing practices for PE in the Emergency Department would prevent six deaths and 24 major nonfatal PE events, but also cause 36 deaths and 37 nonfatal major harms per 10,000 from contrast-induced renal failure, radiation-induced cancer, and major haemorrhage from anticoagulation [1] .
Current guidelines based on studies in tertiary centres suggest using a clinical probability score (Wells criteria or Geneva score) and D-dimer testing prior to requesting CTPA. The pivotal aspects of these guidelines in CTPA-experienced institutions with quantitative D-dimer assay are [2, 3] as follows.
(1) Low/intermediate clinical probability and negative Ddimer excludes PE without CTPA.
(2) Low/intermediate clinical probability and positive Ddimer needs CTPA to confirm.
(3) High clinical probability needs CTPA to confirm without need for D-dimer.
We sought to audit adherence to the current guidelines and assess utilisation of CTPA in our small district General Hospital.
Methods
Timaru hospital is a 131-bed regional hospital serving a population of approximately 50,000 people in South Canterbury. It used a multidetector 4-slice CT scanner during the study period. Using InteleViewer software, 100 consecutive CTPA 2 ISRN Vascular Medicine scans performed from January to May 2012 were selected for retrospective analysis.
Clinical probability scores (simplified Wells score and revised Geneva score) were calculated retrospectively by reviewing the patient notes. D-dimer values were collected from the hospital's computerised results system. Timaru Hospital uses quantitative immunoturbidimetric D-dimer assay (STA-Liatest D-Di), and its negative predictive value is reported to be in 98-100% range with the cut-off value of 500 mcg/L FEU (Fibrinogen Equivalent Unit) [4] . The clinical probability scores and D-dimer values were then analysed against CTPA results.
This audit does not require formal ethics approval according to the New Zealand Health and Disability Commissioner guidelines.
Results
After excluding 11 medical outpatient scans and one scan of a patient whose data were not available at the time of analysis, a total of 88 CTPA scans were reviewed.
The age of patients ranged from 21 to 94 years, with a mean age of 67 years. Approximately 53% of the scans were performed in women. Of all 88 scans, 43 (49%) were requested by the Emergency Department, 27 (31%) by the General Medicine, 9 (10%) by the General Surgery, and the rest by Assessment Treatment and Rehabilitation (ATR), Orthopaedics, and Obstetrics and Gynaecology (O&G) (Figure 1 ). The Assessment Treatment and Rehabilitation unit provides health care services for the elderly and aims to assist with their recovery from illness and reintegrate them into the community.
Relative to the total number of admissions in each department, ATR had the highest rate of CTPA requests-4.24 scans per 100 admissions, which is five times the average rate (Table 1) . Of all scans, only three (3%) cases had the clinical probability scores documented in the patient notes. A total 25% of the scans were performed after hours.
The reported findings for the 88 CTPA scans were PE in 12 (14%) scans, alternative diagnoses in 44 (50%) scans, and no abnormality identified in 32 (36%) scans ( Figure 2 ). The audit also notes that 2% of the scans were nondiagnostic and 22% were of substandard quality.
Stratification of the CTPA scans by combining the retrospectively calculated simplified Wells criteria with the D-dimer result using the conventional cut-off value of 500 mcg/L FEU ( Table 2) showed that 18 (20%) of them had low probability scores without D-dimer testing; 5 (6%) had low scores and negative D-dimer. Similar results were noted when the Revised Geneva scoring system was used instead -23 (26%) scored low/intermediate; however, D-dimer testing was not performed; 5 (6%) had low/intermediate scores and had negative D-dimer. No patient with low/intermediate probability and negative D-dimer was diagnosed with pulmonary embolism (PE), regardless of the clinical scoring system used. Also of note is that a few patients with high probability scores did have D-dimer testing ( Table 2) .
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The positive yield of CTPA in Timaru Hospital is 14%. The Royal College of Radiologist (UK) suggests 15.4-37.4% as an acceptable CTPA positive rate. The standard suggests an alternative diagnoses up to 56% [5] . However, positive rate of CTPA can vary according to the setting: it ranged from 7% to 13% in a few studies done in the Emergency Departments whereas an audit in Christchurch in 2006 revealed 30% positive rate for patients admitted to the General Medicine, which may be explained by higher pretest probability in this patient group [6] [7] [8] [9] [10] . The positive rate also has decreased over the years in general due to increasing use of CTPA as a screening tool without judicious patient selection [11] . The low yield is perhaps suggestive of overuse of CTPA. Or analyses showed that in contrast to published evidence, virtually no formal pretest probability scoring was performed. Also, despite the current evidence that argues against performing CTPA in patients with low/intermediate clinical probability and negative D-dimer as mentioned above, 5 (6%) scans were performed on such patients. Importantly none of these were diagnosed with PE, validating the recommendation of the guidelines.
Our data further reveals that 18 (20%) scans were performed on patients with low Wells scores without D-dimer testing, and one of these scans was positive for PE.
When the Revised Geneva scoring system was applied instead, 23 (26%) scans were performed on patients with low/intermediate probability without D-dimer testing, and two of these scans were positive for PE. Therefore, further 17-21 (19-24%) scans, depending on the probability scoring system used, could have been avoided assuming that D-dimer would have been negative if it had been tested. Adherence to the international guidelines therefore may have reduced CTPA requests at least by 5 (6%) and potentially up to 26 (30%) scans. By reducing the total number of scans from 88 to 62, it is estimated that the positive yield of CTPA can improve from 14% to as high as 19%. This would improve cost effectiveness and reduce the risk of contrast and radiation exposure.
D-dimer concentration has been shown to increase with age and can result in additional unnecessary CTPA referrals due to false positivity in elderly patients [12, 13] . Agedependent D-dimer cut-off has been shown to increase the number of cases in which PE can be safely excluded without need for CTPA [14, 15] . When our data was analysed using Douma and colleagues' age-dependent cut-off (calculated as age × 10 mcg/L FEU for 50 years or older, otherwise 500 mcg/L FEU) [14] , the number of negative D-dimer in low/intermediate probability patients increased by onefrom five to six cases. In other words, the number of CTPA scans required decreased from 54 to 53. We expect that the effect would be greater if the sample size was larger.
In our small district general hospital, 80% of the CTPA scans are requested from the Emergency and General Medicine Departments. It is interesting to note that only three (3%) CTPA referrals were from orthopaedic department during the five-month period. One of the three referrals was positive for PE. This raised the questions whether CTPA is being underutilised for investigation of PE in orthopaedic patients. Although the positive yield does seem to be on high side in the orthopaedic department compared to the others, the sample size is too small to conclude. However, a prospective cohort study involving one million women revealed that women were 40 times more likely to develop venous thromboembolism during the first week after an inpatient operation compared to incident rates without surgery, peaking at 110 times during the third week after operation [16] . Hip/knee replacement surgery was associated with the greatest risk of VTE in the first six weeks among all the surgery types-220 times the risk without surgery [16] .
It is also notable that ATR had the highest number of CTPA requests per admission, five times the local average. The figure is suggestive of overutilisation, although it may be due to the lower number of admissions due to lengthier hospital stays. It can also be explained by the significant number of orthopaedic and other post-op patients who were transferred to the ATR unit for rehabilitation. Although CTPA scans were not frequently requested while admitted to Orthopaedic Surgery, some patients were scanned when admitted to the rehabilitation facilities.
Limitations of the audit include small sample size, subjectivity of probability scoring, reviewer bias, and poor documentation in notes. Also, V/Q scan referrals have not been reviewed as it is not available in Timaru. However we believe that these observations are atypical for other nonacademic institutions.
In conclusion, the current trend in CTPA requests in Timaru Hospital for diagnosis of acute PE has room for improvement in particular in documenting a clinical probability score. Adherence to the current guidelines could have reduced CTPA scans required by 6-30%, thereby improving the positive yield from 14%. Extrapolated to a larger scale, this would translate into significantly reduction of cost, contrast contact, and radiation exposure.
